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Agenda and Logistics

0830-0840
0840-0910
0910-0925
0925-1005
1005-1030
1030-1100
1100-1130
1130-1200
1200-1300
1300-1350

Kitt Reinhardt — Perspectives
MURI Overview (Mark Law)
Tester Capabilities (Dave Cheney)
Device Failure Measurement (Erica Douglas)
Break

Optical Pumping Experiments (David Cheney)

Presentations at:
www.reliability.ece.ufl.edu

Material Characterization (Ryan Davies)
AFRL PACE Program (Don Dorsey)
Lunch

Effect of Mechanical Stress on GaN HEMT Channel Resistance and

Gate Current (Nishida, Gupta, Koehler)

1350-1420
1420-1450
1450-1510
1510-1530
1530-1600
1600-1700
1700

Noise Characterization of Stress Devices (Gijs Bosman)
Break

Inverse Piezoelectric Measurements (Mark Law)
Electro-Thermal Simulation (Michelle Griglione)

TEM and LEAP of Stressed Devices (Ray Holzworth)
Caucus and Feedback

Adjourn
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Outline

 Background
e Goals and Objectives
* Progress
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I ifetime Prediction
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FIGURE 1. REPORTED OPERATING LIFETIMES FOR VARIOUS COMPOUND Temp erature

SEMICONDUCTORS OVER THE 19 YEAR HISTORY OF THE ROCS WORKSHOP(}

* Project Life Time
e Temperature Acceleration Approach
 Modeling 1s critical in extrapolation
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Precompetitive Engineering Scientific Research Focus

e Scientific Understanding of Materials Properties
e Understanding of Electrical Signatures
e Modeling / Simulation of Failure

e Black’s Equation Empirically Captured Aluminum
Electromigration in 1969

e Subsequent work on
— Characterization of field, current density, temperature dependence
— Characterization of mechanical stress
— Characterization of grain size diffusion along grain boundaries
— Characterization of etch effects related to grain size
— Full 3-Dimensional Grain Models

Recent Papers in 2008 and 2009 - 40 years of science based pubs
UNIVERSITY of
UF FLORIDA
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Degradation of GaN HEMT’s

Gate sinking
Ohmic contact
degradation at
T,>300°C Gate Hot electron injection
Source — Drain
Passivation
— Charge
trapping
ZDEG—L) - = N . - = = & inverse ‘
- — T IO A C e C— e — Plezoelectrlc
Buffer trap .o GaN Buffer Layer effect
lonization L 5 o .‘ o o
Substrate
Objectives:

Develop a testing methodology for failure modes
Develop physical understanding of the failure modes
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Thrust to Problem Relationships

‘ Fabrication ‘ ‘ Statistics ‘

I I
\ A2 v

Materials Electrical Modeling and
Characterization Characterization Simulation

v \4 \4

Early Failure Failure Accelerated
Detection Identification Understanding Testing
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Research Work Plan

Thrust 3

UF Developed Testing
Station - Mech, Elec, Temp

A 4

Commercial Parts

A

v Thrust 2, 3, 5
Thrust 1 Failure Analysis _ Thrust 4
Test Structure Fab either in Materials and Electrical, | | Simulation & Modeling
house or partnerships Statistical

A 4

Development of New Testing Strategies,
Better Lifetime Prediction and Scaling,
Improved Device Behavior and Design
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Collaborations with Industry
- RFMD RFMD &

e Nitronex

* Win Semiconductor
e Northrup Grumman

« Air Force
— MURI Funding / Input

B PACE www.af.mil \/
— Coordination w/ other Universities

U.S. AIR FORCE <3¢

— Devices

 ITAR / Export Control
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ITAR / Export Control
e Controlled Room in NRF

e Devices kept in locked room and locked cabinet

e Sign in/ sign out for experimentation
e ITAR Training Provided

* We can work with corporate devices

* Have controls in place
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Device Burn-in and Fail

Device Board

Thermistor slot Hot side Thermistor: McShane TS104-170

/ - Cold side TECs: Melcor HOT2.0-65-F2A

TEC 2/ / Hot side
Cold side + T

g
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Temperature Measurement and Control
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Fundamental Response Characterization

* GaN HEMT wafer samples too small to directly bend in 4-point bending setup
* Solution: (1) epoxy GaN HEMT wafer sample on high carbon stainless steel
(2)calibrate achieved strain by strain gauge measurements
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Characterization — Fundamental and Failed Devices

Gold

Nickel

AlGaN

GaN
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Characterization — Fundamental and Failed Devices
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Inverse Piezoelectric Effect Calculation

e Electro-Mechanical Simulation with InversePiezo
e 25V Drain - above the del Alamo threshold

Lateral (ricrons)

Off State
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Conclusions

e Science Based Program

e Understanding Device Failure

e Characterization Techniques and Tools
e Full Coupled Reliability Simulation
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